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Abstract. - A d iscuss ion o f  t he  extension o f  absolute frequency measure- 

ments t o  the  v i s i b l e  w i l l  be g iven along w i t h  some new measurements o f  

v i s i b l e  frequency d i f f e rences  us ing the  M I M  diode. Future frequency 

measurements and the  r e d e f i n i t i o n  o f  the meter w i l l  a l so  be discussed. 

In t roduc t i on .  - The f i r s t  absolute frequency measurement o f  v i s i b l e  r a d i a t i o n  was 
made about two and one-half years ago [l]. Although it was n o t  performed w i t h  h igh  

accuracy, i t  demonstrated the  f e a s i b i l i t y  o f  d i r e c t  frequency measurements i n  the  

v i s i b l e .  Many standards l abo ra to r ies  i n  the  wor ld  are now i n  the process o f  
making h i g h l y  accurate absolute v i s i b l e  frequency measurements t o  e s t a b l i s h  

accurate v i s i b l e  frequency references, which might a l so  serve as l eng th  standards 
i n  a poss ib le  r e d e f i n i t i o n  o f  t he  meter. The r e d e f i n i t i o n  o f  t he  meter may be 

considered a t  t he  next  General Assembly o f  t he  I n t e r n a t i o n a l  Committee on Weights 

and Measures. The r e d e f i n i t i o n  proposed by the Consul ta t ive Committee f o r  the 
D e f i n i t i o n  o f  the Meter [2] s ta tes:  "The meter i s  the l eng th  equal t o  the  d i s -  

tance t rave led  i n  a t ime i n t e r v a l  o f  1/299 792 458 o f  a second by plane e lec t ro -  

magnetic waves i n  vacuum.'' With t h i s  r e d e f i n i t i o n ,  t he  speed o f  l i g h t ,  c, w i l l  
be f i xed ,  and the meter w i l l  be r e a l i z e d  v i a  a frequency measurement o f  a s t a b i l -  
i z e d  laser .  It i s  the  advent o f  the absolute frequency measurement o f  v i s i b l e  

l i g h t  w i t h  the  i n h e r e n t l y  h igh accuracy o f  frequency measurement which has made 

t h i s  r e d e f i n i t i o n  poss ib le .  V i s i b l e  r a d i a t i o n  i s  most important f o r  r e a l i z i n g  

the  meter because of alignment ease and higher accuracy l eng th  measurement a t  

these sho r te r  wavelengths. 

The extension o f  absolute frequency measurements t o  the  v i s i b l e  requi res 
f i r s t ,  s tab le  o s c i l l a t o r s  and, secondly, harmonic generating techniques f o r  

frequency synthesis purposes (eventual ly ,  t he  Cs frequency standard must be 
m u l t i p l i e d  some 60 000 times). An a l t e r n a t i v e  t o  harmonic generation would be a 

d i v i d i n g  technique; however, t he  technique proposed by Wineland [3] has n o t  y e t  
been proven operat ional .  

*Contr ibut ion o f  the U.S. Government, n o t  subject  t o  copyr ight .  
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S t a b i l i z e d  o s c i l l a t o r s  are prov ided by l ase rs  locked t o  atomic and molecular 

resonances. This  f i e l d  has progressed r a p i d l y  i n  the  l a s t  decade, and some o f  

t h e  s t a b i l i z e d  o s c i l l a t o r s  are chal lenging the  fundamental cesium standard. The 

var ious techniques and the  progess made are n i c e l y  summarized by H a l l  [4]. 
Techniques f o r  harmonic generation have no t  been as e f f i c i e n t  above 1 THz as 

a t  microwave frequencies where up t o  1000 harmonics have been generated. A 
maximum o f  12 harmonics has been achieved w i t h  lasers. Consequently, "chains" o f  

o s c i l l a t o r s  are used t o  reach the v i s i b l e .  The most usefu l  harmonic generator- 

mixer  operat ing between 1 and 200 THz discovered so f a r  i s  t he  tungsten-nickel 
po in t - con tac t  diode. This  same diode has been used as a th i rd -o rde r  mixer i n  the  

v i s i b l e  a t  frequency d i f f e rences  up t o  2.5 THz ( t o  be described l a t e r ) .  
In t h i s  paper, we w i l l  attempt t o  review progress i n  the  l a s e r  frequency 

measurement f i e l d ,  present  some recent  r e s u l t s ,  and make a few comments about 

f u t u r e  experiments. 

The Measurement o f  t he  Frequencies o f  Various S t a b i l i z e d  Lasers. - Various "we l l -  

behaved" l ase rs  have been used t o  probe narrow atomic and molecular resonances, 

and the narrJwest o f  these have been used f o r  frequency s t a b i l i z a t i o n .  Hence, it 
i s  the  narrow atomic o r  molecular t r a n s i t i o n  frequency which i s  being measured. 

Three sets  o f  these s t a b i l i z e d  l ase rs  have emerged and w i l l  be described: 

1. 
2. 
3. 

The CO, l a s e r  s t a b i l i z e d  t o  a number o f  molecular absorptions. 
The 3.39 pm helium-neon l a s e r  s t a b i l i z e d  t o  methane. 
The var ious sources o f  v i s i b l e  coherent l i g h t  s t a b i l i z e d  t o  iodine. 

Carbon Dioxide Frequencies. - The carbon d iox ide  l a s e r  i s  unique since a l l  o f  t he  

l i n e s  ( w i t h  the  exception o f  t he  sequence bands) can be s t a b i l i z e d  t o  Doppler- 
f r e e  absorpt ion features i n  CO, i t s e l f  by the saturated f luorescence technique 

13c160 2 %  12c180 2 9  13c180 2 ,  12C160180, 14C1602, and 14C1802, have now been measured 

t o  w i t h i n  an unce r ta in t y  o f  a few p a r t s  i n  lo9 [SI. The measurements are r e l a t e d  

t o  the  Cs standard v i a  chains which measured the  absolute frequencies o f  RII(lO) 
and R1(30) i n  l2Cl60, [7]. Figure 1 shows good agreement among measurements of 
RI(30) made by various standards l abo ra to r ies  throughout the  wor ld  [7-121. With 

t h e  improvement i n  l a s e r  s t a b i l i z a t i o n  and i n  the  frequency measurement chains, 

u n c e r t a i n t i e s  have been reduced t o  l ess  than two p a r t s  i n  1O1O [12]. The NRC 
measurement i s  d i f f e r e n t  i n  t h a t  i t  was made by m u l t i p l i c a t i o n  o f  CO, l a s e r  

d i f f e r e n c e  frequencies w i t h  on l y  CO, l ase rs  i n  the  chain, and the p re l im ina ry  

r e s u l t  here shows the f e a s i b i l i t y  o f  t h i s  technique [ll]. 
Future improvements i n  the  CO, l a s e r  reference frequencies w i l l  r e q u i r e  

improvement i n  the  l a s e r  s t a b i l i z a t i o n  i n  a d d i t i o n  t o  the  frequency measurement. 

[5]. The frequencies o f  l a s i n g  t r a n s i t i o n s  i n  seven CO, isotopes, l 2 C l 6 O  2 ,  
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n n H E B n n n 
FREQUENCY OF THE SATURATED- FLUORESCENCE ~ STABILIZED 

RI IJO), "C '602 LASER LINE 

F i  ure 1. - Frequency o f  t he  saturated-f luorescence s t a b i l i z e d  R (30), l2Cl60 2 
l a % -  l i n e .  A l l  measurements are uncorrected f o r  base1 i n e  sldpe, pressure, 
power, o r  o ther  frequency s h i f t s .  The GS + LPTF measurement combines the  GS 
measurement o f  the 050, s t a b i l i z e d  P (14) l i n e  and the  OsO, - P (14) and PI(14) - 
R (30) frequency d i f f e rence  measuriments by LPTF. The NRC deasurement demon- 
s t r a t e s  use o f  an a l l  C02 l ase r  chain and i s  a p re l im ina ry  r e s u l t .  

t 

- 

LPTF(tl3.8 kHz1 ' 1  

GS (*IO kHd l -  
f NF'i (* 3 kHz) 

ZGS ( t  1.4 kHz1 

FREQUENCY OF METHANE-STABILIZED He-Ne LASER 
at 3.39 urn 

Figure 2. - Frequency measurements o f  methane-stabi l ized He-Ne lase rs  a t  3.39 pm. 
References are: NBS [7], NPL [8], GS [9], LPTF [12], NRC [131, NPL 1141. and 
GS 1151, i n  order. 
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Se lec t i on  o f  heavy molecules such as OsO, which have frequency overlaps w i t h  CO, 

have prov ided a thousand-fold reducut ion i n  l i n e w i d t h  (1 kHz w i t h  a corresponding 
improveme t i n  t he  frequency r e p r o d u c i b i l i t y ) .  A j ud i c ious  s e l e c t i o n  o f  absorp- 

t i o n  l i n e s  i n  these molecules could prov ide an improved frequency reference g r i d  
over the  in termediate i n f r a r e d  band [lo]. U n t i l  t h a t  t ime, the  approximately 600 
CO, l a s e r  frequencies known t o  a few p a r t s  i n  lo9 are serv ing we l l  as secondary 

frequency standards i n  the  i n f ra red .  

Methane Frequencies. - The measurements o f  methane a t  88 THz [7-9,12-151 and the  

u n c e r t a i n t i e s  (1-a) are  shown i n  f i g u r e  2 versus the year each measurement was 
made. Good agreement between the  values i s  seen, w i t h  the  discrepancies being 

due t o  poss ib le  power s h i f t s  from the  hyper f ine s t r u c t u r e  o f  methane. The next  

measurements o f  t h i s  molecule probably w i l l  be made on lase rs  which can resolve 
the hyper f ine s t r u c t u r e  t o  e l im ina te  t h i s  problem. The smal lest  repor ted uncer- 

t a i n t y  i s  f 2 x 10-l1. This  frequency measurement i s  b e t t e r  than bes t  wavelength 
comparison by about a f a c t o r  o f  ten, and hence, t h i s  l a s e r  could be used as a 
l eng th  standard as i s .  As was mentioned e a r l i e r ,  however, i t  i s  s impler  and more 

accurate t o  use v i s i b l e  rad ia t i on .  

V i s i b l e  Frequencies. - The absolute measurement o f  t he  i o d i n e  absorpt ion frequency 
(520 THz) a t  tw ice  the  s t rong 1.15 pm l a s e r  frequency i n  20Ne was accomplished 

w i t h  the chain [16] o f  frequency measurements shown i n  f i g u r e  3. The W-Ni diode 

was used as the  nonl inear  element up t o  197 THz, b u t  harmonic generation was 

l i m i t e d  t o  harmonics o f  t he  CO, l a s e r  i n  the 88 THz measurement. Subsequently, 
148 THz r a d i a t i o n  was synthesized i n  our l abo ra to ry  i n  a po in t - con tac t  diode w i t h  

f i v e  harmonics o f  a CO, l ase r .  

The 260 THz frequency was synthesized by f i r s t  summing two s t a b i l i z e d  CO, 

l a s e r  frequencies i n  the nonl inear  c r y s t a l ,  CdGeAs,, and subsequently summing the  

r e s u l t a n t  5 pm r a d i a t i o n  and the 1.5 pm r a d i a t i o n  from a ,ONe l a s e r  i n  a AgAsS, 
c r y s t a l  (p rous t i t e ) .  The synthesized r a d i a t i o n  and the  r a d i a t i o n  from a Lamb-dip 
s t a b i l i z e d  1.15 pin *ONe l a s e r  were then mixed on a photodiode and the  beat ob- 

served on a spectrum analyzer. 

The f i n a l  step [l] was performed i n  a j o i n t  experiment w i t h  the  Nat ional  
Research Council i n  Ottawa, Canada i n  which t e n  hyper f ine t r a n s i t i o n s  i n  12712 
near 520 THz were measured by comparing the  1.15 pm r a d i a t i o n  a t  one-half the 
frequency o f  the I, l i n e s  w i t h  the  frequency o f  t he  Lamb-dip s t a b i l i z e d  pure *ONe 

l a s e r  a t  260 THz. The yel low-green l i g h t  a t  520 THz, generated ( i n  the  Hanes NRC 

l ase r )  by i n t r a c a v i t y  doubl ing i n  LiNbO, o f  the 260 THz r a d i a t i o n  from a He-Ne 

lase r ,  was servo-locked t o  i n d i v i d u a l  hyper f ine components o f  l2'I, observed i n  
saturated absorption, and frequencies were determined simply by measurement of 

t he  beat frequencies o f  t he  two r a d i a t i o n s  a t  260 THz. 
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Figure 3 .  - Old "cesium" t o  " iod ine"  frequency chain. 
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The frequency measurements were done simply by combining the  260 THz beams 

from the  two lase rs  on a high-speed photodiode and measuring the rf beat  between 

them. The frequency, fa, o f  t he  a-component o f  t he  hyper f ine s t r u c t u r e  i s  g iven 

by 

The mean value o f  the o-component beat frequency was 

fbeat = fo/2 - fNe = 154.3 MHz, 

and the  estimated 1-0 e r r o r  was 0.5 MHz. 

P(62), 17-1 band o f  lZ7I2 i s  thus 
The frequency o f  the o-component o f  t he  

fo = 2[fNe + ( fo /2  - fNe)] = 520 206 837 f 60 MHz. 

A p re l im ina ry  measurement o f  t he  wavelength o f  t h i s  component gave A = 576 294 758 
2 6 f m  [l], from which we ca l cu la te  fo = c/A = 520 206 811 2 6 MHz. The agree- 

ment between the above values f o r  the frequency i s  s a t i s f a c t o r i l y  w i t h i n  the  
e r r o r  l i m i t s .  

This extension o f  absolute frequency measurements t o  the  v i s i b l e  paves the 

way f o r  h i g h l y  accurate measurements f o r  t h i s  p o r t i o n  o f  t he  electromagnetic 
spectrum. The r a t h e r  l a rge  e r r o r  l i m i t  on fa i s  due t o  the  f ree-running 197 THz 

He-Ne l a s e r  used i n  the measurement o f  t he  Lamb-dip s t a b i l i z e d  ,ONe, 1.15 ym 
laser .  I n  t h i s  chain, four teen lase rs  and s i x  k l ys t rons  were used i n  seven 
steps, each terminated by a l a s e r  a c t i v e l y  s t a b i l i z e d  t o  a Doppler-free absorp- 

t i o n  l i n e  when poss ib le .  

A simpler chain, shown i n  f i g u r e  4, i s  now being const ructed a t  NBS, Boulder 
as an a l t e r n a t i v e  technique f o r  connecting the  lZ7I2 s t a b i l i z e d  520 THz l a s e r  t o  

the  Cs frequency standard. The m u l t i p l i c a t i o n  f a c t o r  o f  48020 i s  accomplished 

w i t h  s i x  l ase rs  and f o u r  k l ys t rons ,  a s i g n i f i c a n t  reduc t i on  from t h e  number i n  
the  previous chain. A major change i n  t h i s  chain i s  t he  s u b s t i t u t i o n  of the 

co lor -center  l a s e r  tuned t o  h a l f  t he  frequency o f  the 1.15 pm ,ONe l i n e .  This  
co lor -center  l ase r ,  being developed by C. R. Po l lock,  w i l l  use (F,'), centers i n  

l i thium-doped KCL pumped w i t h  1.3 pm cw YAG r a d i a t i o n  [17]. A r i n g  con f igu ra t i on  

(shown i n  f i g u r e  5) has been developed, and output  powers o f  100 mW have been 
obtained. This  chain should have a measurement c a p a b i l i t y  wi th  a f r a c t i o n a l  

frequency unce r ta in t y  between 1 0 - l o  and 10- l '  f o r  the I, t r a n s i t i o n  a t  520 THz. 

A p re l im ina ry  measurement w i l l  be made from the  s t a b i l i z e d  CO, l a s e r  t o  the  
v i s i b l e  before the f i n a l  chain i s  completed. This  measurement w i l l  be l i m i t e d  by 
the  f r a c t i o n a l  unce r ta in t y  i n  the CO, reference frequency (- f 1 x lo-'). 



x MDTDDIDOE 9 
DLORCENTER(Z.3fl 

USER 
FREWENCY 
SYNTHESIS 

CHAIN 
(m THE VISIBLE) 

( A l l  FREOUENCIES IN MHZ) 

I 1  KLYSTRON 
@ MlW DIODE 

x l  

1 
MIY DIODE 63 

SILICON DIODE 4 1 x l  

y, I 10 123 
KLYSTRON 

Figure 4. - New "cesium" t o  " iodine" frequent;, chain. 

(28-479 



C8-480 JOURNAL DE PHYSIQUE 

t 

COLOR CENTER RING LASER 

EXPERIMENTAL SET - UP 

Figure 5 - Color center r i n g  laser.  

Figure 6.- Experimental ar-  
rangement t o  t e s t  the  MIM diode 
i n  the v i s i b l e .  
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Figure 7. - V i s i b l e  beat 
signal -to-noi se r a t i o  
versus frequency d i f f e r -  
ence from the MIM diode. 



This  s t a b i l i z e d  frequency a t  520 THz appears t o  be an i d e a l  reference from 
which t o  synthesize other  standard frequencies in t he  v i s i b l e  spectrum. These 

frequencies may be synthesized by mix ing the 520 THz r a d i a t i o n  w i t h  an appropri- 

a t e  i n f r a r e d  l a s e r  i n  a nonl inear  c r y s t a l  such as AgGaS,. This  c r y s t a l  has been 
produced w i t h  a wide, low-absorption transmission band (a < 0.5 cm-l f o r  

0.5 < A < 10 pm) and has been used t o  up-convert 10.6 pm r a d i a t i o n  i n t o  v i s i b l e  

sidebands i n  the  green spect ra l  range. The c r y s t a l ,  however, does n o t  phase 
match i n  the  e n t i r e  v i s i b l e  region, and the  M I M  diode might be used there, as 

w i l l  be described i n  the next  section. 

V i s i b l e  D i f f e rence  Frequencies Measured a t  2.5 THz. - A major breakthrough i n  the  

measurement o f  v i s i b l e  frequency d i f f e rences  occured t h i s  year. I n  a j o i n t  

experiment between the  Max-Planck I n s t i t u t e  f o r  Quantum Optics, Garching, W. 
Germany and the Time and Frequency D i v i s i o n  o f  NBS, Boulder, Colorado, R. E. 
D r u l l i n g e r ,  J. C. Bergquist,  D. A. Jennings, F. R. Petersen, Lee Burkins, U l r i c h  

Daniel,  and K. M. Evenson demonstrated t h a t  t he  M I M  diode (W-Ni o r  W-Co) could be 
used t o  measure t h e  d i f f e rence  frequency between two v i s i b l e  dye l ase rs  separated 

by as much as 2.5 THz. We a l s o  p r e d i c t  t he  p o s s i b i l i t y  o f  extending t h a t  d i f f e r -  
ence up t o  30 THz, i .e.,  up t o  the  frequency o f  t he  CO, laser .  Before these 

measurements were made, frequency d i f f e rence  measurements i n  t h e  v i s i b l e  had been 

made i n  th ree  d i f f e r e n t  ways: 1) w i t h  photodiodes a t  d i f f e rence  frequencies up 

t o  about 50 GHz, 2) w i t h  Schottky b a r r i e r  diodes a t  d i f f e rence  frequencies up t o  

200 GHz, and 3) w i t h  nonl inear  b u l k  mixing. 

The experiment was i n s p i r e d  by the  success o f  Daniel d. [la] who used 
t h e  point -contact  diode t o  measure frequency d i f f e rences  up t o  122 GHz. The 

experimental setup i s  shown i n  f i g u r e  6. From 0.5 t o  2 mW o f  cw r a d i a t i o n  from a 

f a r  i n f r a r e d  l a s e r  was mixed w i t h  15 mW o f  cw r a d i a t i o n  from two d i f f e r e n t  dye 

l ase rs  which were tuned t o  a frequency d i f f e rence  approximately equal t o  the  f a r  

i n f r a r e d  frequency. Three d i f f e r e n t  f a r  i n f r a r e d  frequencies were use& 0.425, 
1.8, and 2.5 THz. Two tunable, s t a b i l i z e d ,  r i n g  dye l ase rs  were used t o  generate 

t h e  two v i s i b l e  frequencies near 575 nm. The spec t ra l  l i n e w i d t h  o f  each was 
about 200 kHz. Beat s ignals  o f  a few hundred MHz were observed w i th  a conven- 

t i o n a l  spectrum analyzer. The observed s ignal - to-noise r a t i o s  are p l o t t e d  i n  
f i gu re  7. Four data p o i n t s  a t  microwave frequencies are a l so  shown, one a t  10 
and one a t  74 GHz, and two obtained by the  Max-Planck group, one a t  88 GHz and 

another at 170 GHz. The s ignal - to-noise i s  observed t o  f a l l  o f f  a t  2.3 dB pe r  

octave. The reason f o r  t h i s  f a l l - o f f  i s  n o t  known. To compensate f o r  a poss ib le  

decrease i n  coupl ing e f f i c i e n c y  a t  h igh frequencies, t h e  power was adjusted t o  

g i v e  a constant r e c t i f i e d  voltage. Also, t he  capac i t i ve  shunting o f  t h e  diode i s  

expected t o  be a t  l e a s t  -3 dB pe r  octave, b u t  i s  n o t  expected t o  begin f a l l i n g  

o f f  u n t i l  about 7 THz f o r  a 400 A t i p  and 30 THz f o r  a 100 A t i p .  The r a d i a t i o n s  

from both dye l ase rs  were combined on a beam s p l i t t e r  and focused wi th  a s i n g l e  

0 0 
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microscope ob jec t i ve .  The wavelength o f  each dye l a s e r  was measured w i t h  a 

A-meter t o  about f 50 MHz. I n  a f i n a l  experiment, the dye lase rs  were tuned 
25 THz apar t  (a CO, l a s e r  frequency), b u t  a beat  note was no t  observed. 

Only the  bes t  s ignal - to-noise r a t i o s  were p l o t t e d ;  they va r ied  from 12 t o  
22 dB a t  10 GHz, poss ib l y  depending on t h e  sharpness o f  t he  diode. E lec t ron  

micrographs were n o t  taken o f  t he  diodes used i n  the  experiments, b u t  prev ious 

micrographs have revealed r a d i i  va ry ing  from less  than 100 A t o  600 A. Th is  
v a r i a t i o n  i n  t i p  rad ius might cause the observed v a r i a t i o n  i n  s e n s i t i v i t y .  

The experiment was repeated again w i t h  much f a s t e r  s t a b i l i z a t i o n  o f  t he  dye 
lase rs ,  which produced a l i n e w i d t h  o f  l ess  than 10 kHz. However, again, a 

s igna l  was n o t  observed. I n  t h i s  case, t he  s ignal - to-noise obta inable a t  X-band 
increased by about 13 dB (a maximum o f  35 dB was observed). It was no t  poss ib le  

t o  use one o f  these "super" diodes tes ted  a t  10 GHz f o r  t h e  25 THz measurement, 
s ince du r ing  the  t ime requ i red  t o  retune the  dye lasers,  t he  contact  res is tance 

i n v a r i a b l y  changed. When the  diode was readjusted, i t  o f t e n  produced very prom- 

i s i n g  r e c t i f i e d  voltages from each r a d i a t i o n ,  b u t  no beat was observed. With the  

W-Ni diode, the r e c t i f i e d  vo l tage was genera l l y  negative a t  frequencies below 

200 THz, and p o s i t i v e  i n  the v i s i b l e .  The p o l a r i t y  of the r e c t i f i e d  vo l tage from 
t h e  diode w i t h  the coba l t  base was less  p red ic tab le ,  b u t  t h i s  diode performed 

equa l l y  w e l l  i n  t he  successful d i f f e r e n c e  frequency measurements. 
We be l i eve  t h a t  these experiments were n o t  conc lus ive and should be repeated 

under more c o n t r o l l e d  condi t ions,  i . e . ,  w i t h  a measurement o f  t he  whisker t i p  

rad ius  and w i t h  a check on the  absolute accuracy o f  t he  A-meter. We t h i n k  t h a t  
t he  point -contact  diode can probably be used i n  the  v i s i b l e  a t  frequency d i f f e r -  
ences up t o  30 THz. This  w i l l  f a c i l i t a t e  the  measurement o f  v i s i b l e  frequency 

d i f f e rences  i n  steps o f  about 30 THz and a l l ow  one t o  ob ta in  a comb o f  7 o r  8 
known frequencies cover ing the  e n t i r e  v i s i b l e  spectrum. 

0 0 

Conclusion. - Secondary frequency standards extending from the  microwave t o  the  
v i s i b l e  are becoming ava i l ab le ;  hence w i t h  improvements i n  the  frequency measure- 

ment chains, t he  accuracies o f  spec t ra l  measurements o f  electromagnetic r a d i a t i o n  
w i l l  soon be l i m i t e d  by the  s t a b i l i t i e s  of t he  sources themselves. I t  i s  a l so  

f a i r l y  c e r t a i n  t h a t  t he  meter w i l l  be def ined i n  terms o f  t he  second w i t h  the  

va lue o f  c f i xed .  Thus, t he  wavelength standard w i l l  n o t  be the  l i m i t a t i o n  i n  
t h e  measurement o f  l eng th  as i s  now the  case w i t h  the  krypton primary standard. 

I n  conclusion, we see t h a t  i n  20 years, t he  l a s e r  has caused a r e a l  revolu-  

t i o n  i n  frequency and wavelength metrology as we l l  as i n  the  f i e l d  of fundamental 
constants; i .e . ,  one o f  the fundamental contants ( the meter) may soon be def ined 

i n  terms o f  another ( t he  second). 
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